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DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

Alluvial and mass wastage deposits

Artificial fill (Holocene)—Unconsolidated soil, sand, gravel, and rock 
used to construct raised road and railroad beds, and levees on 
Columbia River floodplain

Landslide deposits (Holocene)—Scattered small slides and slumps 
generated by failure of steep bluffs underlain by poorly 
consolidated sedimentary units (Qfs, Tsr). Include active hummocky 
surfaced slump along railroad grade parallel to Lake River about 
4.5 km south of Ridgefield

Alluvium (Holocene)—Unconsolidated sediments underlying modern 
floodplains of Columbia, Lewis, and East Fork Lewis Rivers and 
local accumulations along valley bottoms of small tributary 
streams. Includes deposits of small alluvial fans along shore of 
Mud Lake. Columbia River floodplain deposits are poorly sorted to 
well-sorted, massive to laminated, commonly cross-stratified sand, 
silt, and minor gravel; locally includes fine-grained lacustrine, 
eolian, and organic-rich marsh deposits. Lewis River deposits are 
similar but coarser and include beds of reworked volcanic debris 
derived from Mount St. Helens. Deposits of East Fork Lewis River 
include gravel, sand, and silt. Gravel composed largely of volcanic 
clasts eroded from Cascade Range or reworked from older 
sediments (Ttf, QTc); sand and silt chiefly reworked cataclysmic 
flood deposits (Qfs). Alluvium of small streams consists of poorly 
to moderately sorted, crudely stratified silt, sand, and gravel, 
mostly reworked from older, weakly consolidated sedimentary 
units

Older alluvium (Holocene)—Unconsolidated, thickly bedded, poorly 
sorted, clast-supported pebble and cobble gravel and minor lenses 
of coarse sand forming small terraces along East Fork Lewis River 
with surfaces 6 to 20 m above modern floodplain. Dominated by 
clasts of volcanic rocks eroded from Cascade Range; also contains 
sparse clasts of Columbia River Basalt Group and quartzite. Not 
covered by cataclysmic flood deposits (Qfs), so deposition 
postdates latest Pleistocene floods

Cataclysmic-flood deposits, fine-grained facies (Pleistocene)— 
Unconsolidated clay, silt, and fine to medium sand; grain size 
decreases gradually to north. Throughout quadrangle mantle low-
relief surfaces below about 300 ft (90 m) elevation but above 
Holocene floodplains. Rare fresh exposures reveal rhythmite beds 
several centimeters thick, each bed probably the product of a 
separate flood (Waitt, 1980, 1985, 1994; Clague and others, 2003), 
but in most exposures deposit is oxidized light brown, and bedding 
is inconspicuous. Composed largely of quartz, feldspar, and 
conspicuous muscovite, which indicate deposition by Columbia 
River rather than by local streams. Interpreted as slack-water 
deposits of large floods initiated by failure of ice dam at Glacial 
Lake Missoula in western Montana during the late Pleistocene 
(Bretz, 1925, 1959; Bretz and others, 1956; Waitt, 1980, 1985, 
1994, 1996; Baker and Bunker, 1985; Atwater, 1986; O'Connor and 
Baker, 1992; Benito and O'Connor, 2003). Floodwaters, 
hydraulically dammed by relatively narrow constriction of 
Columbia River valley north of quadrangle, ponded in Portland 
Basin, and deposited suspended sediment load (Trimble, 1963). 
Water-well drillers' logs indicate unit is typically about 30 to 35 m 
thick south of East Fork Lewis River; thin unmapped deposits of 
similar character locally mantle area north of East Fork Lewis 
River to elevations as high as 350 ft (120 m). Radiocarbon ages and 
tephrochronologic data from outside the map area indicate floods 
occurred between about 17,000 and 13,000 14C years B.P. (Waitt, 
1994; Clague and others, 2003)

Terrace deposits (Pleistocene)—Unconsolidated, poorly sorted sandy 
pebble gravel and lithic sand, forming small, Qfs-veneered terrace 
remnants with surface elevations of 110 to 140 ft (33 to 43 m) 
along Lewis River between Paradise Point and Mud Lake. Clast 
population dominated by Tertiary volcanic rocks of Cascade Range 
derivation, consistent with a Lewis River source. Considered 
correlative with small terrace about 3 km to north in Woodland 
quadrangle (Evarts, 2003a) that contains ash beds probably 
deposited between 350 and 400 ka (A.M. Sarna-Wojcicki, written 
commun., 2000)

BASIN-FILL DEPOSITS

Conglomerate (Pleistocene and (or) Pliocene)—Semi-consolidated 
pebble and cobble gravel; thick-bedded, poorly sorted  to 
moderately well-sorted, clast-supported, commonly imbricated. 
Contains minor lenses, generally <2 m thick, of basaltic or 
quartzose sand; cemented by clay and limonite. Well exposed in 
gravel pits near Ridgefield; water-well data and scattered outcrops 
demonstrate that unit forms continuous stratum 20-40 m thick 
beneath cataclysmic flood deposits (Qfs) throughout area south of 
East Fork Lewis River; somewhat thicker (to 60 m) beneath hills 
north of Packard Creek; laps out against Troutdale Formation and 
Paleogene bedrock north of East Fork. Well-rounded clasts to 25 
cm diameter of Columbia River Basalt Group dominate unit but 
quartzite pebbles and scattered larger clasts of Cascadian volcanic 
rocks locally present, including subangular blocks up to 80 cm 
across of andesite in Allen Canyon. Some openwork gravel, but 
most gravel in unit possesses sandy matrix that is compositionally 

similar to interbedded sand lenses. Proportion of subrounded to 
subangular Cascadian volcanic rocks increases northeast, where 
gravel beds are generally thinner and more poorly sorted. Much of 
unit lithologically similar to Troutdale Formation, but differs in its 
thinner weathering profile, more pronounced clast imbrication 
(invariably indicating northward transport), and presence of widely 
scattered but conspicuous clasts of olivine basalt and local sandy 
interbeds of yellow-brown, fluvially reworked basaltic 
hyaloclastite. Age poorly known; probably predominantly Pliocene 
but upper part may include lower Pleistocene strata. Includes 
deposits assigned to the Troutdale Formation by Mundorff (1964); 
contiguous with deposits in adjacent Battle Ground quadrangle 
mapped as alluvial-fan member of Troutdale Formation by Howard 
(2002). Presence of olivine-basalt clasts suggests correlation with 
informal upper member of Troutdale Formation in the Columbia 
Gorge as defined by Tolan and Beeson (1984), inferred to be of 
Pliocene age

Troutdale Formation (Pliocene and (or) Miocene)—Semi-consolid-
ated, massive, poorly sorted to well-sorted, openwork and 
sandstone-matrix, pebble and cobble conglomerate with sparse 
lenses of friable sandstone. Underlies upper part of broad, south- to 
southwest-sloping surface north of East Fork Lewis River, 
Mundorff's (1964) Troutdale bench. Clast population dominated by 
well-rounded cobbles of the Columbia River Basalt Group; 
typically includes some light-colored granitic and 
quartzofeldspathic metamorphic rocks, conspicuous white to light-
gray, Fe-oxide stained quartzite, and scarce cobbles of pyroxene or 
hornblende andesite. Composition of sandstone interbeds and 
matrix of conglomerate ranges from basaltic grit to micaceous 
arkose compositionally similar to beds of Sandy River Mudstone, 
indicating source areas east of the Cascade Range and deposition 
by ancestral Columbia River. In most places, upper several meters 
is thoroughly weathered to reddish-brown clayey soil; in such 
areas, presence of scattered, Fe-stained, brown to yellow quartzite 
pebbles on surface is the only indicator of protolith. Logs of water 
wells indicate unit is as much as 70 m thick and that weathering 
extends to depths exceeding 30 m (Mundorff, 1964; Swanson and 
others, 1993). Equivalent to upper member of Troutdale Formation 
of Mundorff (1964) and to quartzite-clast member of Troutdale 
Formation of Howard (2002)

Sandy River Mudstone (Miocene)—Poorly indurated arkosic, 
tuffaceous, and carbonaceous sandstone, siltstone, claystone, and 
minor pebble conglomerate. Exposed beneath Troutdale Formation 
in creek valleys of northeast part of quadrangle, beneath unnamed 
conglomerate (QTc) in southwest bank of East Fork Lewis River 
and in valleys of small creeks to the west, and along railroad grade 
north of Ridgefield. Sedimentary structures in sandy horizons 
indicate a fluvial depositional environment; finer grained deposits 
probably represent overbank settings on broad floodplain. South of 
East Fork Lewis River, unit consists largely of friable 
quartzofeldspathic sand and silt, bluish gray where fresh but 
weathers rapidly to light brown to tan; commonly is limonite 
cemented; composed of subangular grains of quartz, feldspar, 
various rock fragments, muscovite and minor biotite, tourmaline, 
magnetite, hornblende. Considered correlative with Sandy River 
Mudstone of Trimble (1963); equivalent to lower member of 
Troutdale Formation of Mundorff (1964) and to fine-grained 
member of Troutdale Formation of Howard (2002)

Columbia River Basalt Group

 Grande Ronde Basalt (Miocene)—Light- to dark-gray flows of 
tholeiitic basaltic andesite; vesicular to microvesicular, aphyric to 
microphyric to very sparsely plagioclase-phyric; exhibit relatively 
low-TiO2 contents (table 1) characteristic of the Grande Ronde 
Formation of the Columbia River Basalt Group (Mangan and 
others, 1986; Beeson and others, 1989; Reidel and others, 1989). 
Found as erosional remnants banked against Paleogene bedrock 
along north bank of East Fork Lewis River between La Center and 
Jenny Creek and along railroad grade 2-3 km north of Ridgefield; 
overlain by Sandy River Mudstone, Troutdale Formation, and 
unnamed conglomerate (Tsr, Ttf, and QTc). Textures resemble those 
described by Long and Wood (1986) for basalt flows on the 
Columbia Plateau. Basalt erupted from vents in eastern part of 
Plateau and entered northwestern Oregon and southwestern 
Washington through a wide gap in the Cascade Range (Tolan and 
others, 1989; Wells and others, 1989). Reidel and others (1989) 
divided the Grande Ronde Basalt on the Columbia Plateau into 
several informal members on basis of lithologic, chemical and 
paleomagnetic properties; all exposures of Grande Ronde Basalt in 
this quadrangle are assigned to member of Sentinel Bluffs of 
Reidel and others, (1989), which is within the N2 
magnetostratigraphic unit of Swanson and others (1979). 
Terminology is that of Reidel, 1998)

—Member of Sentinel Bluffs—Basalt characterized by relatively high 
MgO contents (about 4.4 to 4.8 wt percent) and normal magnetic 
polarity (J.T. Hagstrum, written commun., 2000, 2002). Eroded 
flow remnants at least 20 m thick and exhibit well-developed 
colonnade and entablature jointing. Commonly contains sparse 
plagioclase and rare olivine phenocrysts as large as 4 mm in an 
intersertal to intergranular groundmass of lathlike plagioclase, 
granular clinopyroxene, skeletal Fe-Ti oxide crystals, and scarce 
equant olivine grains in abundant dark glass. Chemical analyses 
(table 1) and paleomagnetic measurements (J.T. Hagstrum, written 
commun., 2000, 2002) indicate that the basalt near Jenny Creek 
and that north of Ridgefield belong to separate flows. 40Ar/39Ar age 
determinations by Long and Duncan (1983) from this unit on 
Columbia Plateau indicate age of 15.6±0.2 Ma

BEDROCK

Andesite (Eocene)—Flows and flow breccia of medium to dark gray, 
aphyric to porphyritic pyroxene andesite exposed in cliffy outcrops 
along East Fork Lewis River near Paradise Point. Unit may locally 
include small unmapped dacitic flows, interbedded volcaniclastic 
rocks, and andesitic dikes. Individual flows typically less than 10 
m thick. Andesites contain phenocrysts of plagioclase (0-20 
percent; 1 to 5 mm long), augite (0-5 percent; <0.5 to 1 mm 
across), and Fe-Ti oxide (<0.5 percent; ≤1 mm across), with or 
without hypersthene (0-3 percent; 1 to 3 mm long) in an intersertal 
or pilotaxitic groundmass. Variable but generally minor alteration 
to clay minerals, quartz, and carbonate

Volcanic breccia (Eocene)—Massive volcanic diamictite, up to 50 m 
thick, exposed in cliffs along both banks of East Fork Lewis River 
between La Center and Paradise Point. Polylithologic with ashy 
matrix, but dominated by angular blocks, as large as 2 m across, of 
variably vesicular andesite similar to lava flows of unit Ta. Unit 
also includes flaky, light-green to light yellowish-brown lapilli tuff 
interbedded with andesite flows west of Jenny Creek that consists 
of aphyric pumice clasts and less abundant sparsely phyric 
andesitic to dacitic lithic clasts in matrix of abundant ash; original 
vitric material totally replaced by clay minerals and zeolites

Volcaniclastic sedimentary rocks (Eocene)—Thin lenses, typically 
less than 5 m thick, of epiclastic volcaniclastic rocks interbedded 
with andesitic flows west of Jenny Creek. Predominantly massive, 
clast-supported, pebbly breccia composed of angular andesitic to 
dacitic lithic and pumiceous lapilli; thin-bedded, light-gray to 
light-green, somewhat carbonaceous siltstone, claystone, and 
sandstone present in isolated exposure along north shore of East 
Fork Lewis River below outcrops of Grande Ronde Basalt. Original 
glass completely replaced by fine-grained smectite, zeolites, or 
carbonates; pore space filled with clinoptilolite, calcite, or 
cristobalite

Contact—Dashed where approximately located; short-dashed where 
inferred; dotted where concealed

Fault—Dashed where inferred; dotted where concealed

Anticline—Dashed where inferred; dotted where concealed

Strike and dip of beds
   Inclined
   Horizontal

Terrace scarp

Sample locality for chemical analysis—See table 1
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